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Abstract
The influence of acceleration and rotation on spintronic applications
is theoretically investigated. In our formulation, considering a Dirac
particle in a non-inertial frame, different spin related aspects are stud-
ied. The spin current appearing due to the inertial spin-orbit coupling
(SOC) is enhanced by the interband mixing of the conduction and va-
lence band states. Importantly, one can achieve a large spin current
through the ~k.~p method in this non-inertial frame. Furthermore, apart
from the inertial SOC term due to acceleration, for a particular choice
of the rotation frequency, a new kind of SOC term can be obtained from
the spin rotation coupling (SRC). This new kind of SOC is of Dressel-
haus type and controllable through the rotation frequency. In the field
of spintronic applications, utilizing the inertial SOC and SRC induced
SOC term, theoretical proposals for the inertial spin filter, inertial spin
galvanic effect are demonstrated. Finally, one can tune the spin relax-
ation time in semiconductors by tuning the non-inertial parameters.
keywords : inertial spin orbit coupling, spin current, spin filter, spin Gal-
vanic effect, spin relaxation time
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1 Introduction
Spintronics or spin based electronics has received enormous attention in the
last few years due to its several remarkable applications in various areas of
physics, particularly to the condensed matter systems. In this broad area of
research, one studies the quantum transport properties of the electron spins
and its application to technology [1, 2, 3]. The main challenge of the theory
arises because of the fact that the spin current is a non-conserved quantity
and the control and generation of spin current is a very difficult task. Since
the theoretical prediction of the spin Hall effect (SHE) [4], which is a form
of anomalous Hall effect induced by spin, the spin related physics has gained
considerable advancement. SHE is the separation of the electrons, having up
and down spin projections in the presence of a perpendicular electric field
in analogy to Hall effect where charges are separated due to the application
of a perpendicular magnetic field. Besides, the spin orbit interaction, which
plays a crucial role in semiconductor spintronics, opens up the possibility of
manipulating electron (or hole) spin in semiconductors by electrical means [5,
6] and as such attracted a lot of interest of theoreticians and experimentalists
recently.
However, in the arena of spin transport issues, except a few [7, 8, 9],the effect
of the spin-orbit interaction (SOI) in non-inertial frames has not much been
addressed in the literature, although studies on the inertial effect [10, 11, 12, 13]
of electrons is not new. Inclusion of the inertial effects in semiconductors
can open up some fascinating phenomena, yet not addressed and hence it is
appealing to investigate the role of these inertial effects on some aspects of
spin transport in semiconductors.
On the other hand, apart from the spin orbit coupling (SOC), there exists
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other two types of spin coupling as Zeeman coupling and spin rotation cou-
pling (SRC)[14], where spin of electron couples with other parameters. It is
interesting to note that if in a non-inertial frame, the rotation frequency is
considered to vary with momentum and time, then it is possible to generate a
SRC induced SOC term. This new type of SOC term is of Dresselhaus type
[15] and controllable through mechanical rotation [16]. Unlike the Rashba [17]
coupling, Dresselhaus coupling is not controllable through the external electric
or magnetic fields. This can open up a new idea of controllable Dresselhaus
like effect in semiconductor nano-structure at least theoretically.
Furthermore, the spin dynamics of the semiconductor is influenced by the ~k.~p
perturbation theory. On the basis of ~k.~p perturbation theory, one can reveal
many characteristic features related to spin dynamics. We have theoretically
demonstrated the generation of spin current in a solid on the basis of ~k.~p
perturbation [18] with a generalized spin orbit Hamiltonian which includes the
inertial effect due to acceleration. Considering the ~k.~p perturbation in the 8×8
Kane model, the generation of spin current is studied in the extended Drude
model framework, where the SOC has played an important role. The interplay
of Aharonov-Bohm phase (AB) and Aharonov-Casher (AC) like phases helps
us to propose a perfect spin filter for the accelerating system. Taking into
account different k linear inertial coupling terms, we have given a proposal for
inertial spin galvanic effect.
Besides, it is worth studying the variable spin relaxation times in spintronic
devices. It is shown here how the spin relaxation time is affected in a non-
inertial frame.
The paper is organized as follows. Sec 2 contains the derivation of the
non-relativistic Hamiltonian in presence of acceleration and rotation and the
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calculation of the spin current in presence of ~k.~p method. In Sec 3 we propose
a spin filter configuration in our non-inertial system. In the next section (Sec
4) we have pointed out how the SRC induced SOC term can play a crucial role
for the spin physics. Sec 5 deals with the inertial spin galvanic effect whereas
in sec. 6 we discuss the effect of non-inertial parameters on spin relaxation
time. Finally, we conclude in sec 7.
2 Spin-orbit coupling and generation of spin
current in non-inertial frames
One of the main challenges in the study of spin based electronics lies with
the fact that the spin current is a non-conserved quantity and the control
and generation of spin current is a very difficult job. In a very recent paper
[9], it has interestingly been shown that the non-inertial fields can be used
to generate and control spin currents. In this regard, one can start with the
covariant Dirac equation in the presence of acceleration and rotation as
[iγµ(x)(Dµ + ieAµ)−m] Ψ(x) = 0, (1)
where Dµ = ∂µ + iΓµ(x) is the covariant derivative and Γµ(x) are the spin
connections containing the effect of rotation(~Ω) and acceleration(~a) terms, Aµ’s
are the gauge fields and m is the mass of the particle.
The transfer of angular momentum between the external non-inertial fields
and the electron spins are studied by the standard definition of the spin current
tensor given by [19]
Sρµν =
1
4im
[
(∂ρΨ)σµν(x)Ψ−Ψσµν(x)(∂ρΨ)] , (2)
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where Ψ is the spinor wave function and σµν(x) = i
2
[γµ, γν ], where γµ =
eµ α(x)γ
α. Here eµ α are the vierbeins and γ
α are the usual Dirac matrices. It
is possible to write Sρµν as composed of two parts corresponding to inertial
and non-inertial contributions [9]. In analogy to the external electromagnetic
fields it has been shown that the external non-inertial fields invalidate the
conservation of the spin current tensor. In the rest frame of the particle, with
a particular choice of ~Ω = (0, 0,Ω) and a detailed calculation shows[9]
∂ρS
ρµν = ∂iS
i12 =
E +m
2E
Ωa2x
1 + ~a.~x
, (3)
∂iS
i13 = ∂iS
i23 = 0 where a2 is the acceleration in the y direction, E and m are
the energy and mass of the particle respectively. In the absence of acceleration
or rotation or both the conservation of the spin current tensor is restored.
In a different approach, using the non-relativistic limit of the Dirac Hamil-
tonian in a non-inertial frame [13], where the inertial SOC plays a very crucial
role, the generation of inertial spin current has been studied in [8].
In this context, let us construct the Dirac Hamiltonian in a non-inertial
frame using the tetrad formalism, following the work of Hehl and Ni [13] as
H = βmc2 + c (~α.~p) +
1
2c
[(~a.~r)(~p.~α) + (~p.~α)(~a.~r)] + βm(~a.~r)− ~Ω.(~L+ ~S) (4)
where ~a and ~Ω are respectively the linear acceleration and rotation frequency
of the observer with respect to an inertial frame. ~L(= ~r × ~p) and ~S are
respectively the orbital angular momentum and spin of the Dirac particle. β
and ~α are the Dirac matrices. The non-relativistic limit of the Hamiltonian is
obtained by the application of a series of Foldy-Wouthuysen transformations
(FWT) [20, 21]. The Pauli-Schroedinger Hamiltonian of a Dirac particle for
positive energy solution in the inertial frame is given as
HFW =
(
mc2 +
~p2
2m
)
+m(~a.~r) +
h¯
4mc2
~σ.(~a× ~p)− ~Ω.(~r × ~p+ ~S), (5)
5
where m(~a.~r) and ~Ω.(~r× ~p) are the inertial potentials due to acceleration and
rotation respectively. Interestingly, the potential V~a = −me ~a.~r can induce an
electric field as ~Ea [7, 8, 22, 23], given by
~Ea =
m
e
~a = −~∇Va(~r). (6)
Similarly, the rotation of the frame of reference can induce a magnetic field as
~BΩ = ~∇× ~AΩ = 2m
e
~Ω, (7)
which has an analogous form of the gravitomagnetic field, where ~AΩ =
mc
e
(~Ω×
~r) is the gauge potential corresponding to the magnetic field induced by ro-
tation. The Hamiltonian (5), in terms of the induced electric and magnetic
fields due to inertial effect, is as follows
HFW =
~p2
2m
− eVa(~r)− ~Ω.(~r × ~p)− eh¯
4m2c2
~σ.
(
~p× ~Ea
)
− eh¯
4m
~σ. ~BΩ, (8)
where the third term in the r.h.s of Hamiltonian (8) is the coupling term
between rotation and orbital angular momentum. The gauge potential ~AΩ
originates from this coupling term. The forth term in the r.h.s of (8) is the
inertial spin orbit coupling term. On the other hand, the Zeeman like cou-
pling term (last term in the r.h.s of (8)) is due to the spin rotation coupling.
The acceleration induced electric field has important contribution on the spin
current and spin polarization [8, 23]. Retaining the terms upto 1
c2
order, the
Hamiltonian in (8) can be rewritten as
HFW =
1
2m
(
~p− e
c
~AΩ − µ
2c
~Ea × ~σ
)2
− φI − µ
2
σ. ~BΩ, (9)
where µ = eh¯
2mc
is the magnetic moment of electron and φI = e(Va + φΩ),
is the total inertial potential of the system where φΩ =
m
2e
(~Ω × ~r)2 is the
6
induced potential due to rotation. This Hamiltonian has U(1)⊗ SU(2) gauge
symmetry with U(1) gauge potential Aµ = (φI , ~AΩ) and SU(2) spin gauge
potential bµ = (−~σ. ~BΩ2 ,−~σ ×
~Ea
2
). This U(1) ⊗ SU(2) gauge theory gives an
unified picture of charge and spin dynamics.
Within the extended Drude model framework, from this FW transformed
Hamiltonian we proceed to derive the expression of spin current by taking
into account the ~k.~p theory. The fact that physical parameters in vacuum are
renormalized when considered within a solid, inspires us to study the renor-
malization effects of inertial spin current in a crystalline solid in the framework
of ~k.~p perturbation theory taking into account the Kane model [24] using the
Bloch eigenstates.
In 8× 8 Kane model the ~k.~p coupling between the Γ6 conduction band and
Γ8 and Γ7 valance bands is considered [18]. Thus with the acceleration induced
electric field and an external electric ( ~E = −~∇V (r)) and magnetic field ( ~B)
we can write the Hamiltonian as
H8×8 =

H6c6c H6c8v H6c7v
H8v6c H8v8v H8v7v
H7v6c H7v8v H7v7v
 (10)
=

(Ec + eVtot)I2
√
3P ~T .~k − P√
3
~σ.~k
√
3P ~T †.~k (Ev + eVtot)I4 0
− P√
3
~σ.~k 0 (Ev −40 + eVtot)I2
 . (11)
Here, Vtot = V (~r) − Va(~r), Ec and Ev are the energies at the conduction and
valence band edges respectively. 40, P are the spin orbit gap and the Kane
momentum matrix element respectively. 40 and EG = Ec − Ev varies with
materials, whereas P is almost constant for group III to V semiconductors.
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The ~T matrices are given by
Tx =
1
3
√
2
 −√3 0 1 0
0 −1 0 √3
 ,
Ty = − i
3
√
2
 √3 0 1 0
0 1 0
√
3
 ,
Tz =
√
2
3
 0 1 0 0
0 0 1 0
 (12)
and I2, I4 are the unit matrices of size 2 and 4 respectively.
In absence of the rotation term, the inertial FW Hamiltonian (8) can be
reduced to an effective Hamiltonian of the conduction band electron states
[18] as
Hkp =
P 2
3
(
2
EG
+
1
EG +40
)
~k2 + eVtot(~r)
−P
2
3
(
1
EG
− 1
(EG +40)
)
ie
h¯
~σ.(~k × ~k)
+ e
P 2
3
(
1
E2G
− 1
(EG +40)2
)
~σ.(~k × ~Etot) (13)
The total inertial Hamiltonian i.e including the effect of acceleration for the
conduction band electrons is then given by,
Htot =
h¯2~k2
2m∗
+ eVtot(~r) + (1 +
δg
2
)µB~σ. ~B
+e(λ+ δλ)~σ.(~k × ~Etot), (14)
where 1
m∗ =
1
m
+2P
2
3h¯2
(
2
EG
+ 1
EG+40
)
is the effective mass and ~Etot = −~∇Vtot(~r) =
~E − ~Ea, is the effective total electric field of the inertial system and λ = h¯24m2c2
is the SOC strength as considered in vacuum. The perturbation parameters
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δg and δλ are given by
δg = −4m
h¯2
P 2
3
(
1
EG
− 1
EG +40
)
δλ = +
P 2
3
(
1
E2G
− 1
(EG +40)2
)
, (15)
are the renormalized Zeeman coupling strength and renormalized SOC param-
eter respectively. These terms appear due to the interband mixing on the basis
of ~k.~p perturbation theory. The total Hamiltonian have the following form
Htot =
h¯2k2
2m∗
+ eVtot + (1 +
δg
2
)µB~σ. ~B + eλeff~σ.(~k × ~Etot), (16)
where λeff = λ+ δλ is the effective SOC term, which plays an important role
in the rest part of our derivation. In the absence of an external magnetic field
the relevant part of the Hamiltonian can be written as
H =
~p2
2m∗
+ eVtot(~r)− λeff e
h¯
~σ.( ~Etot × ~p) (17)
Heisenberg’s equation helps us to obtain the semi-classical force equation as
~F =
1
ih¯
[
m∗~˙r,H
]
+m∗
∂~˙r
∂t
, (18)
with ~˙r = 1
ih¯
[~r,H]. Thus from (16)
~˙r =
~p
m∗
− λeff e
h¯
(
~σ × ~Etot
)
(19)
Finally,
~F = m∗~¨r = −e~∇Vtot(~r) + λeff em
∗
h¯
~˙r × ~∇× (~σ × ~Etot) (20)
is the spin Lorentz force with an effective magnetic field ~∇ × (~σ × ~Etot). Ex-
plicitly, the spin dependent vector potential is given by
~A(~σ) = λeff
m∗c
h¯
(~σ × ~Etot). (21)
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The spin dependent effective Lorentz force noted in eqn.(20) is responsible for
the spin transport and the spin Hall effect of our inertial system. Obviously, the
Lorentz force is enhanced due to ~k.~p perturbation in comparison to the inertial
spin force calculated in [8]. The expression of ~˙r in (18) can be rewritten as
~˙r =
~p
m
+ ~v~σ, ~a (22)
where
~v~σ, ~a = −λeff e
h¯
(~σ × ~Etot) (23)
is the spin dependent anomalous velocity term, which depends on δλ i.e on
the spin orbit gap and the band gap energy of the crystal considered. The
expression shows for a non zero spin orbit gap, the spin dependent velocity
changes with the energy gap. For vanishing spin-orbit gap, there is no extra
contribution to the anomalous velocity for the ~k.~p perturbation. The spin
current and spin Hall conductivity in an accelerated frame of a semiconductor
can now be derived by taking resort to the method of averaging [8, 25]. We
proceed with equation(20) as ~F = ~F0 + ~F~σ where ~F0 and ~F~σ are respectively
the spin independent and the spin dependent parts of the total spin force. The
potential V (~r)can be taken to be composed of the external electric potential
V0(~r) and the lattice electric potential Vl(~r). If the momentum relaxation time
τ is independent of ~σ and total electric field ~Etot, is constant then for cubic
symmetric semiconductor [8, 25] i.e considering
〈
∂2Vl
∂ri∂rj
〉
= µδij, we can write
the current of the system with ~k.~p perturbation as
~jkp = ~j
o,~a
kp +
~js,~akp (~σ), (24)
where
~jo,~akp =
e2τρ
m∗
( ~E0 − ~E~a) (25)
10
is the charge component of current and
~js,~akp (~σ) =
m
m∗
[
1 +
4m2c2P 2
3h¯2
(
1
E2G
− 1
(EG +40)2
)]
~js,~a(~σ)
=
m
m∗
(1 +
δλ
λ
)~js,~a(~σ) (26)
is the spin current of this inertial system. Here ρ is the total charge concentra-
tion and ~n = 〈~σ〉 is the spin polarization vector and~js,~a(~σ) = h¯e3τ2ρµ
2m3c2
(
~n× ( ~E0 − ~E~a
)
is the spin current in an accelerating frame[8] without ~k.~p perturbation, where
µ is a constant. The ratio of spin current in an accelerating system with and
without ~k.~p perturbation is given by
|~js,~a(~σ)kp|
|~js,~a(~σ)| =
m
m∗
(1 +
δλ
λ
). (27)
The coupling constant δλ is different for different materials and λ, the coupling
parameter in the vacuum has a constant value 3.7× 10−6A˚2. Figure (1) shows
the variation of the ratio of spin current with acceleration for three different
semiconductors.
The table reveals the fact that in a linearly accelerating frame, how ~k.~p
method is useful for generating large spin current in semiconductors.
Switching off the external electric field, we have
~js,~akp (~σ) = −σs,aH,kp
(
~n× ~E~a
)
, (28)
where σs,aH,kp =
2e3τ2ρµ
m∗h¯ λeff is the spin Hall conductivity. Considering the accel-
eration along z direction, the spin current in the x direction becomes
|~js,~ax,kp(~σ)| = σs,aH,kp(nyEa,z) (29)
Eqn. (29) emphasize how the acceleration of the frame solely can produce
huge spin current in a system.
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It is clear that the spin conductivity is renormalized by the ~k.~p perturbation.
The comparison of the spin Hall conductivity in our system with and without
[8] ~k.~p perturbation can be obtained as
|σs,~aH , kp|
|σs,~aH |
=
m
m∗
(1 +
δλ
λ
). (30)
This is an impressive result as it clearly indicate the importance of using
semiconductors as spintronic materials. Besides, one can produce the large
spin current through acceleration.
3 Inertial Spin filter
In the advancement of spintronic applications, a spin filter is an important
candidate for producing spin polarized currents. Though there are lots of
theoretical attempts to describe a perfect spin filter in various aspects [26, 27],
but demonstration of a perfect spin filter in an inertial system is new. It is
evident from the name, a spin filter is a spin based device to obtain polarized
spins. We can write Hamiltonian (14) with an acceleration in the z direction
and in presence of the external magnetic field ~B as
H =
~Π2
2m∗
+
αeff
h¯
(Πxσy − Πyσx), (31)
where ~Π = ~p − e ~A(~r), and ~B = ∇× ~A(~r) and αeff = λeffEa,z is the Rashba
[17] like coupling parameter [8], containing the effect of acceleration (in the z
direction) as well as the ~k.~p parameters. The Hamiltonian in (31) can also be
written in the following form
H =
1
2m∗
(
~p− e
c
~A(~r)− q
c
~A
′
(~r, ~σ)
)2
, (32)
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where
~A
′
(~r, σ) =
c
2
(−σy, σx, 0), (33)
and we have neglected the second order terms of ~A
′
(~r, σ). q =
2m∗αeff
h¯
can
be regarded as charge. Obviously, the gauge due to external magnetic field
provides an Abelian gauge but the spin gauge due to inertial SOC is non-
Abelian in nature. In terms of the total gauge field ~˜A (~r), equation (31) can
be written as
H =
1
2m∗
(
~p− e˜
c
~˜A
)2
(34)
where ~˜A = e ~A(~r) + q ~A(~r, ~σ) and e˜ is a coupling constant, which is set to be
1 for future convenience. Using the total gauge ~˜A the Berry curvature can be
written as
Ωλ = Ωµν = ∂µA˜ν − ∂νA˜µ − ie˜
ch¯
[
A˜µ, A˜ν
]
, (35)
which is similar to a physical field. The z component of this filed is
Ωz =
(
∂xA˜y − ∂yA˜x
)
− ie˜
ch¯
[
A˜x, A˜y
]
. (36)
Ωz in our case boils down to the following form
Ωz = eBz + q
2 c
2h¯
σz. (37)
The second term in the expression of Ωz in (37), actually represents a magnetic
field in z direction, with opposite sign for spin polarized along +z direction
or −z direction. As the spin up and spin down electrons experience equal
but opposite vertical magnetic fields, they will subsequently carry equal and
opposite AC like phase [28] which can be obtained from
φAC =
∮
d~r. ~A(~r, σ), (38)
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whereas the AB phase appears due to the first term in (37) is the same for
both up and down electrons. The eqn (37) can be expressed in terms of the
flux generated through area W as
Ωz = e
φB
W
+ q
φI
W
, (39)
where φB = WBz, flux due to external magnetic field and φI = Wq
c
2h¯
σz is the
physical field generated due to inertial SOC effect. The first term on the right
hand side(rhs) of (39) causes the AB phase, whereas the second term on the
rhs of (39) is the flux due to the physical field, is actually responsible for a AC
like phase.
Thus the interplay of the AC like phase and AB phase can provide the
explanation of inertial spin filter. In our framework, if we fix our AB phase
as pi
2
and the AC like phase as pi
2
and −pi
2
for up and down electrons, then the
interference of up electrons is destructive in nature, whereas down electrons
give the constructive interference. Finally, in the output we have down spin
electrons only.
4 Induced SOC via SRC
In search of the answer to the question: are the different spin coupling terms
interconnected, we start with the Hamiltonian (4) considering only the effect
of rotation and in presence of an external magnetic field. We can then write
HΩ =
~pi2Ω
2m
− eφΩ − µ~σ. ~B − h¯
2
~σ.~Ω, (40)
with ~piΩ = ~p − e ~A′ = h¯~kΩ, where ~kΩ is the modified crystal momentum and
~A
′
= ~A+ ~AΩ, is the total gauge effective in the system. It is well known that
the rotation of the frame can induce a magnetic field [10]. Here ~AΩ =
m
e
(~Ω×~r)
14
corresponds to the rotation induced magnetic field ~BΩ = ~∇× ~AΩ = 2me ~Ω and
φΩ =
m
2e
(~Ω×~r)2. The second term in the rhs of (40), is the potential term. The
third term is the standard Zeeman coupling term induced due to the external
magnetic field. In terms of the rotation induced magnetic field, we can write
the Hamiltonian in (40) as,
HΩ =
~pi2Ω
2m
− eφΩ − µ~σ. ~B − µ~σ.
~BΩ
2
. (41)
This form of ~BΩ is similar to the gravitomagnetic field [29], or the Barnett
field given by ~Bs =
m
e
~Ω [7]. The difference of these two fields lies in a factor
of 2. The origin of the terms ~AΩ and φΩ is the term ~Ω.(~r × ~p), which is the
coupling between rotation and orbital angular momentum. The last term
in Hamiltonian (41) is the spin rotation coupling term which is effectively a
Zeeman like term. Instead of standard external magnetic field, in this case the
magnetic field is created due to the rotation of the system.
If we choose a planar rotation in the momentum space, we can still work with
the same Hamiltonian as in (41) and we get a ~k dependent Zeeman coupling.
This ~k dependent Zeeman coupling is also experimentally verified quantity,
which can be observed in real materials as Sr2RuO4 [30]. This motivates us to
study the scenario of momentum dependent SRC term. The induced magnetic
field can now be written as
~BΩ(~k, t) = 2
m
e
~Ω(~kΩ, t). (42)
The Hamiltonian thus becomes
HΩ(t) =
(~piΩ)
2
2m
− eφΩ − µ~σ. ~B − eh¯
4m
~σ. ~B~Ω(
~kΩ, t). (43)
We can write the rotation frequency as Ω(~kΩ, t) = |Ω(t)|nˆ(~kΩ), where |Ω(t)| is
the magnitude of rotation and nˆΩ(~kΩ) is the unit vector along ~kΩ. Choosing
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nˆ(~kΩ) =
1
|k|(kx,Ω,−ky,Ω, 0), the rotation induced magnetic field is given by
~BΩ(~kΩ, t) = 2
m
e
|Ω|
|k| (kx,Ω,−ky,Ω, 0), (44)
where |k| = √(kx,Ω)2 + (ky,Ω)2. We can rewrite the Hamiltonian (45) as
HΩ =
(~piΩ)
2
2m
− µB~σ. ~B − eφΩ + βΩ(σypiy,Ω − σxpix,Ω). (45)
One may note that the last term in (45), represents a SRC induced SOC
where the coupling constant βΩ represents Dresselhaus like coupling parameter
given by βΩ =
1
2
|Ω|
|k| . Considering the effect of acceleration and rotation, the
Hamiltonian can be written in the following form [16, 23, 8]
H =
h¯2~k2Ω
2m
+ αa(kx,Ωσy − ky,Ωσx) + βΩ(σyky,Ω − σxkx,Ω), (46)
where the αa = λEa,z, is the Rashba like coupling parameter appearing due to
acceleration as discussed in the previous section. In writing the above Hamil-
tonian there are two choices that one should opt, which are
i) The electric field due to acceleration should be in the z direction.
ii) The rotation frequency must be momentum dependent and of specific form
as mentioned above.
The knowledge of the relative strength of Rashba and Dresselhaus like terms
is important for investigations of different spin dependent issues in our inertial
system. It is of interest that unlike the original Dresselhaus effect, we can
externally control the βΩ term. The k linear coupling terms give rise to the
spin splitting scenario in semiconductors. So it is possible to control the spin
splitting by controlling acceleration and rotation externally in our model.
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5 Inertial spin galvanic effect
The spin galvanic effect(SGE) is due to the non-equilibrium but uniform pop-
ulation of electron spin no matter whether it is produced optically or by non-
optical means. In this case it is possible to measure the anisotropic orientation
of spins in the momentum space and hence the different contribution of the
Rashba and the Dresselhaus terms [31, 32]. In spin Galvanic effect the neces-
sary condition is the k linear terms in the Hamiltonian. In our inertial system,
the k linear terms come through the acceleration and rotation terms. Thus
the origin of the k linear terms are different. In semiconductor heterostucture
these k linear terms arise because of the bulk inversion asymmetry(Dresselhaus
term) and structural inversion asymmetry (Rashba term). We have Rashba
like coupling from the acceleration of the system and Dresselhaus like term due
to rotation. As the asymmetric spin levels are split, with one spin orientation
favored, an excitation can cause electrons to reverse spin, creating a charge
current along the x-y plane. From the Hamiltonian (45), one is able to calcu-
late the total current as a function of the spin polarization along the surface.
The SGE current jSGE and the average spin are related by a second rank
pseudo-tensor with components proportional to the parameters of spin-orbit
splitting parameter as follows [31, 32]
~jSGE = A
 βΩ −αa
αa βΩ
 ~S (47)
where ~S is the average spin in the plane and A is a constant determined by
the kinetics of the SGE, namely by the characteristics of momentum and
spin relaxation processes. Unlike the usual cases, we have here two inertial
spin orbit coupling strengths coming as a consequence of SOC terms due to
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acceleration and the spin rotation coupling effect. The spin galvanic current
in (47) can be rewritten in terms of the acceleration and rotation parameters
as
~jSGE = A
 |Ω|2|k| − h¯24mec2az
h¯2
4mec2
az
|Ω|
2|k|
 ~S (48)
Eqn. (48) helps one to find out the ratio of αa and βΩ or the ratio of acceleration
and rotation. The spin galvanic current can be decomposed into the current
duo to Rashba like term and Dresselhaus like term ~ja and ~jΩ proportional to
the αa and βΩ term. From symmetry, ~ja is perpendicular to average spin ~S,
whereas ~jΩ makes an angle 2Ψ with ~S, where Ψ is the angle between ~S and
the x axis. Thus one can find out the spin galvanic currents in terms of the
coupling terms due to acceleration and rotation. The absolute value of the
total current jSGE is given by the expression
jSGE =
√
j2a + j
2
Ω − 2jajΩsin2Ψ (49)
Now suppose the average spin vector is oriented along the x axis, then we have
angle Ψ = 0. Thus from (49), we have ~ja and ~jΩ in the directions perpendicular
and parallel to ~S, respectively. The ratio of the currents in the x and y direction
is given by
jy
jx
=
αa
βΩ
, (50)
or interestingly
az
|Ω| ∝
jy
jx
. (51)
The ratio of acceleration to rotation can be achieved from the above equation.
Thus we can control the charge current flowing through the system through
the two non-inertial parameters. On the other hand, from the observed ratio of
the currents one can understand whether acceleration or rotation contribution
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is dominating in the system. We should mention here that for different orien-
tation of ~S we get different values of this ratio. It may be noted that, without
any external electromagnetic fields we are successful to produce charge current
from the k linear terms of the Hamiltonian, due to inertial effects.
6 Spin relaxation time
The electron spin relaxation mechanism is based on spin-orbit-coupling. In
this section we want to investigate how the inertial SOC terms and the SRC
induced SOC term affect the spin relaxation procedure. In particular, our
motivation is to analyze the role of Rashba like coupling αa and Dresselhaus
like coupling parameter βΩ in the expression of spin relaxation time. Let us
now consider a different type of k dependence of the rotation frequency as
Ω(~kΩ, t) = |Ω(t)|(kx,Ωk2y,Ω,−ky,Ωk2x,Ω, 0) with which we can write the rotation
induced magnetic field as
~BΩ(~kΩ, t) = 2
m
e
|Ω|
|k| (kx,Ωk
2
y,Ω,−ky,Ωk2x,Ω, 0). (52)
With this magnetic field and considering the k linear coupling term due to
acceleration we can write the Hamiltonian (46) as
H =
h¯2~k2Ω
2m
+ αa(kx,Ωσy − ky,Ωσx) + βΩ(σyky,Ωk2x,Ω − σxkx,Ωk2y,Ω). (53)
The last term reminds us about the k3 Dresselhaus like coupling but with a
different origin. Now if we consider a spin-independent impurity potential as
Vi(~r) in the Hamiltonian then we can write
H =
h¯2~k2Ω
2m
+ αa(kx,Ωσy − ky,Ωσx) + βΩ(σyky,Ωk2x,Ω − σxkx,Ωk2y,Ω) + Vi(~r). (54)
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For a disordered and non-interacting SOC system the spin dynamics is eluci-
dated through the spin diffusion equations. These equations can be derived
in the density matrix formalism. In this formalism at initial time t=0, we can
write the non-equilibrium spin density distribution by considering the length
scale much larger than the mean free path as
Sm(r, t) =
∫
d~r
′
Pmn(t, r, ~r
′
)Sn(0, ~r
′
), (55)
where Sn(0, ~r
′
) is the initial spin density at ~r
′
and the diffusion Greens func-
tion is denoted by Pmn(t, r, ~r
′
). In the momentum space and for homogeneous
system equation (55) can be written as
[I − P (ω,~k)].~S = 0, (56)
where I is the unit matrix and P (ω,~k) is the Fourier transformed diffusion
Greens function. In a non-inertial frame in the low frequency limit the sets of
spin diffusion equations for time and space dependent spin densities are given
by [33]
∂Sx
∂t
=
v2F
2
∇2Sx + 8v
4
Fmτ
kFαaβΩ
1[
k2F
α2a
+ 32
k2F β
2
Ω
]Sy + (2mv4F τ
αa
∂
∂x
+
8mv4F τ
k2FβΩ
∂
∂y
)
Sz − Sx
τs
∂Sy
∂t
=
v2F
2
∇2Sy + 8v
4
Fmτ
kFαaβΩ
1[
k2F
α2a
+ 32
k2F β
2
Ω
]Sx + (2mv4F τ
αa
∂
∂y
+
8mv4F τ
k2FβΩ
∂
∂x
)
Sz − Sy
τs
∂Sz
∂t
=
v2F
2
∇2Sz −
(
2mv4F τ
αa
∂
∂x
+
8mv4F τ
k2FβΩ
∂
∂y
)
Sx
−
(
2mv4F τ
αa
∂
∂y
+
8mv4F τ
k2FβΩ
∂
∂x
)
Sy − 2Sz
τs
, (57)
where vF is the Fermi velocity, τ is the momentum relaxation time and τs is
the spin relaxation time given by
τs =
1
2v4F τ
1[
k2F
α2a
+ 32
k2F β
2
Ω
] . (58)
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As it is evident from (58), the spin relaxation time τs depends on the coupling
terms αa and βΩ, which actually represents the non-inertial parameters. Tun-
ing of the non-inertial parameters may help us to obtain larger spin relaxation
time, which is of utmost importance.
7 Conclusion
In this paper we have discussed the generation of spin current from the co-
variant Dirac equation in a linearly accelerating system in the presence of
electromagnetic fields with the ~k.~p theory. Interestingly, the acceleration of
the frame can induce a SOC term apart from the SOC term induced by the
external electric field. This induced SOC is enhanced due to the ~k.~p perturba-
tion. The expressions for the inertial spin current and conductivity are derived.
The effect of acceleration is explicit in the expressions for the spin component
of current. For a constant external electric field, the spin current is found to
vanish for a particular value of acceleration ac. Furthermore, from the gauge
theoretical point of view, discussion of a perfect spin filter in an inertial system
is made. In the context of inertial effects on spin transport, we have discussed
the generation of a new type of SOC coupling induced from momentum de-
pendent SRC term. Taking resort to this SRC induced SOC term, which is of
Dresselhaus type, we can successfully discuss the inertial spin Galvanic effect
in our system. Besides, the effect of inertial parameters in the control of spin
relaxation time is also described. It is hoped that the manipulation of spin
current and related effects through the non-inertial parameters may trigger up
various future applications in spintronic devices.
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Figure 1: (Color online) Variation of spin current with acceleration for three
different semiconductors, where A = 2m
2c2
h¯e2τ2ρµ
.
EG(eV ) 40(eV ) P (eV A˚) δλ(A˚2) |~j
s,~a(~σ)kp|
|~js,~a(~σ)|
GaAs = 1.519 0.341 10.493 5.3 2.154× 107
AlAs = 3.13 0.300 8.97 0.318 5.748× 105
InSb = 0.237 0.810 9.641 523.33 1.0175× 1010
InAs = 0.418 0.380 9.197 120 1.41× 109
Table: Table of different Kane model parameters and ratio of current with
and without ~k.~p perturbation for different semiconductor
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